Hypopituitarism includes all clinical conditions that result in partial or complete failure of the anterior and posterior lobe of the pituitary gland's ability to secrete hormones. The aim of management is usually to replace the target-hormone of hypothalamo-pituitary-endocrine gland axis with the exceptions of secondary hypogonadism when fertility is required, and growth hormone deficiency (GHD), and to safely minimise both symptoms and clinical signs. Adrenocorticotropic hormone deficiency replacement is best performed with the immediate-release oral glucocorticoid hydrocortisone (HC) in 2-3 divided doses. However, novel once-daily modified-release HC targets a more physiological exposure of glucocorticoids. GHD is treated currently with daily subcutaneous GH, but current research is focusing on the development of once-weekly administration of recombinant GH. Hypogonadism is targeted with testosterone replacement in men and on estrogen replacement therapy in women; when fertility is wanted, replacement targets secondary or tertiary levels of hormonal settings. Thyroid-stimulating hormone replacement therapy follows the rules of primary thyroid gland failure with L-thyroxine replacement. Central diabetes insipidus is nowadays replaced by desmopressin. Certain clinical scenarios may have to be promptly managed to avoid short-term or long-term sequelae such as pregnancy in patients with hypopituitarism, pituitary apoplexy, adrenal crisis, and pituitary metastases.
Introduction
Hypopituitarism or pituitary insufficiency includes all clinical conditions that result in partial or complete failure of the anterior and rarely of the posterior lobe of the pituitary gland to secrete hormones. Hypopituitarism may be the result either of pituitary or hypothalamic dysfunction, the former interfering with pituitary hormone secretion (secondary dysfunction) and the latter with hypothalamic pituitary-releasing hormone secretion (tertiary dysfunction). A number of congenital or acquired, inherited or sporadic clinical entities may result in isolated deficiency (IHD) or multiple pituitary hormone deficiency (MPHD). Novel mutations are now recognised to be responsible for many patients with congenital hypopituitarism, although their presentation may be delayed. Hence, hypopituitarism includes central or secondary adrenal insufficiency (SAI) caused by adrenocorticotropic hormone (ACTH) deficiency, secondary hypothyroidism (SHT) caused by thyroid-stimulating hormone (TSH) deficiency, secondary hypogonadism (SHG) caused by deficiency of the gonadotroph hormones (Luteinising (LH) and Follicle Stimulating Hormones (FSH)), growth hormone deficiency (GHD), and central diabetes insipidus (CDI) caused by antidiuretic hormone (ADH or arginine vasopressin, AVP) deficiency [1] .
The absent or insufficient replacement of pituitary hormones may not be compatible with life, particularly in the context of ACTH deficiency. Moreover, hypopituitarism per se has been associated with an increase in both morbidity and mortality. Patients with craniopharyngiomas in particular have a higher risk when compared to patients with other causes of hypopituitarism, with or without GH replacement [2, 3] . On the other hand, a Swedish study showed that women with hypopituitarism have a relatively higher risk of diabetes mellitus (DM) type 2, myocardial infarction, cerebral infarction and fractures, compared with hypopituitary men [4] . Finally, pituitary apoplexy (PitAp) or adrenal crisis (AC) are characteristically life-threatening clinical entities [5, 6] .
These risks have mandated the need for evidence-based guideline for hormonal replacement in hypopituitary adults, either of isolated or combined hormonal insufficiency, and Endocrine Society Clinical Practice Guidelines have been recently issued for the management of hypopituitarism but also for each target-hormone deficiency either at a primary or a secondary level of hypothalamo-pituitary target endocrine gland axis [7] [8] [9] [10] [11] [12] . Significantly, many novel research studies do not focus on the hormonal replacement per se, but on ways of administration and delivery of the drug in order to achieve a better compliance from the patients' point of view, but also to most closely parallel the physiological circadian secretion of the deficient hormone, and thus to optimise quality of life (QoL).
Aetiology
A number of different aetiologies may result in reduced pituitary reserves, as summarised in Table 1 . Generally, the usual sequential pattern for hormonal deficiencies starts from the loss of GH, followed by the gonadotropins, then TSH and ACTH. There are several exceptions to this order [7] , such as the case of hypophysitis in which, independently of the cause, especially ACTH and TSH deficiencies are frequently the presenting deficits [13] . Hypophysitis, as an inflammation of the pituitary, may be caused by different triggers. It may be primary, or secondary to sella and parasellar lesions, systemic diseases, or drugs (recently the main cause is the use of immune checkpoint inhibitors, ICI) [14] . ICIs are used in the management of a number of solid and haematological malignancies and are monoclonal antibodies targeting immune checkpoints such as the cytotoxic T-lymphocyte antigen-4 (CTLA-4)-CD28 and the programmed cell-death-1 (PD-1)-PD-1 ligand 1 (PD-L1) [15] . They cause a T-lymphocyte activation and proliferation causing a restoration of anti-tumour immunity, reversing immune escape or evasion and promoting tumour cell death. Their disadvantages are the immune-related adverse events (AEs) that, in the endocrine glands, are mostly represented by hypophysitis and consequent pituitary hormonal deficiencies that are usually permanent [13] . However, other induced endocrine deficiencies include thyroiditis and a form of DM type 1.
Non-functioning pituitary adenomas (NFPAs) have been extensively studied, resulting in at least one pituitary deficiency due to either a mass effect from the compression of normal pituitary or/and functional abnormalities which may distort or compress the pituitary stalk. Hypogonadism may result either from compression of gonadotroph cells or from the stalk-compression-induced hyperprolactinaemia seen with NFPA: in the latter case, hyperprolactinaemia results from the inability of dopamine to be delivered to lactotroph cells and hence a loss of its inhibitory control [17] . Radiotherapy is occasionally used for residual or recurrent pituitary adenomas post-surgery. Moreover, it has also been utilised in the management of parasellar lesions (craniopharyngiomas, meningiomas, germinomas), other brain tumours, brain metastases and lymphomas. Pituitary insufficiency represents a well-documented late complication of radiotherapy, usually occurring several years after the radiotherapy [14] . Somatotroph cells seem to be the most vulnerable to damage followed by gonadotroph, thyrotroph and corticotroph cells [17] ; although the major locus of damage may be vasculitis in the hypothalamus, the posterior pituitary gland is less sensitive to radiation injury [14] . Monitoring for such effects should be initiated not more than one year after radiotherapy by clinical evaluation and pituitary hormone assessment. Advanced radiation technologies such as stereotactic radiosurgery, cyber knife, fractionated stereotactic radiotherapy and proton beam therapy have been considered to be less harmful for healthy tissues [14] , but this may not actually be the case. Empty sella may be secondary, commonly associated with partial or complete hypopituitarism, with or without hyperprolactinaemia or primary, usually with normal pituitary function [14] . 
Management of Hypopituitarism
The management of hypopituitarism as IHD or MPHD has recently been discussed as a Clinical Practice Guideline from the Endocrine Society [7] . The aim of hypopituitarism management is usually to replace the target-hormone of the disturbed hypothalamo-pituitary-endocrine gland axis. However, there are exceptions to this rule, such as GHD and SHG when fertility is the primary concern. Moreover, while hypopituitarism is usually permanent it may be also transient in cases of compression, inflammation (hypophysitis), surgery or functional suppression. The aim of hormone replacement is to minimise both symptoms and clinical signs of specific hormone deficiencies with safety, minimise inconvenience, and to maximise QoL.
Adrenocorticotropic Hormone (ACTH) Deficiency Replacement Treatment
The endogenous secretion of glucocorticoids (GCs) follows a 24-h circadian rhythm, with a morning peak at the point of sleep-to-waking and a nadir at midnight. This circadian rhythm parallels the activity of a primary circadian clock sited in the suprachiasmatic nucleus of the hypothalamus, this synchronising secondary circadian rhythms in other brain areas and in peripheral centers such as the adrenals, and indeed in all cells [28] . For this reason, in patients with SAI the cortisol rhythm may retain some residual function as opposed to primary AI (PAI), where the cyclic secretion is completely lost [29] . This latter fact, along with the fact that the physiological daily production of cortisol may be lower than previously believed [30] , can readily result in overtreatment of patients with AI unless great care is taken. The GC most widely used for cortisol replacement therapy worldwide is immediate-release oral GC hydrocortisone (HC) in daily divided doses. The current recommendations suggest total daily replacement doses for HC of 10-12 mg/m 2 body surface area (BSA) [7] ; in adults, the suggested HC dose is 15-20 mg as a total daily dose with the highest HC dose (half or two-thirds of the total daily dose) given immediately on waking (morning) and the other 2-3 (and rarely 4) doses given later at lunch and then late afternoon (or an additional early afternoon), respectively [7] . In general, dose adjustments depend on clinical status, patient preference, and co-morbidities: a HC 'day-curve' (HCDC) may have some merit in selected cases to establish the actual serum cortisol levels. However, even with these regimes minimising the overall daily dose and dividing the doses, patients still report problems with replacement therapy in both PAI and SAI, complaining of an impaired health-related QoL, specifically of fatigue [7, 8, 31, 32] . The last dose should be taken in at least 6 h away from bedtime to avoid sleep disorders or metabolic side-effects [8] . Increased HC doses may need to be considered when enzyme-inducing drugs are co-administered since they increase GCs metabolism. Urinary free cortisol (UFC) measurement has the disadvantage in being used to adjust the HC dose as saturation of corticosteroid-binding globulin (CBG) following oral HC results in supraphysiological UFC excretion [1, 33] , resulting in a wide inter-and intra-variability [1, 7, 34] . As noted above, a HCDC which measures serum cortisol levels throughout the day may be helpful in dose adjustments with targets to avoid excess peaks (> 1000 nmol/L) or troughs (< 100 nmol/L) levels [35] . Measuring a salivary cortisol day curve may prove to represent a more reliable and convenient way of titrating doses and timing in some cases [1, 36, 37] .
In the context of longer-acting GCs, the recent guideline reports that dexamethasone should be avoided, whereas prednisolone can be given in patients with reduced compliance or the non-availability of HC, and may be considerably cheaper [7] . Prednisolone is given in the morning as a single-doses ranging 3-5 mg. Its advantage is represented by the unique administration and its prolonged action 12-36 h, 4 to 5 times higher compared to 6-10 h for HC. Its disadvantage is that it cannot be routinely measured rendering dose adjustment problematic. Cortisone acetate is another immediate-release oral GC that has to be converted to HC by the enzyme 11β-hydroxysteroid dehydrogenase (11β-HSD1) type 1, and possesses GC activity 0.8 times that of HC [38, 39] , but is of limited use in Europe. However, in patients with documented 11β-HSD1 deficiency only HC is recommended [40] . A retrospective study in PAI and SAI patients reported a similar cardiometabolic risk between patients treated by HC (mean dose 20.5 mg daily) and prednisolone (mean dose 3.7 mg daily). However, satisfaction scores were higher in the prednisolone group, suggesting that the once-daily dose is more convenient than HC three-times daily [41] . When a patient is already taking GC replacement, biochemical testing for dose titration should be performed at least 18-24 h after the HC dose or longer for synthetic GCs, such as > 36 h for prednisolone. However, the recent guideline is in favour of using clinical features in the primary assessment of under-treatment or overtreatment than the HCDC previously used and UFC measurement [1, 7, 34] .
Once-daily modified-release HC (MRHC) formulation (Plenadren) has been recently introduced and it is composed ofan immediate-release coating combined with an extended-release core. This formulation aims to model a more physiological cortisol secretion profile without troughs and peaks but with higher concentrations during the morning in the first 4 h of its administration and a period without cortisol-exposure at night, resulting in decreased 24-h exposure to cortisol [42] . Plenadrenresults in less recurrent infections and a better metabolic profile along with a less impaired QoL [38, 43] . Another MRHC (Chronocort) administered twice-daily mimics also the physiological cortisol circadian rhythm [44] [45] [46] [47] . An oral immediate-release granule formulation of HC (Alkindi) has also been developed for paediatric use, with the advantage of available doses of 0.5 mg, 1 mg, 2 mg and 5 mg [48] (Table 2 ). [38] .
The use of a continuous subcutaneous HC infusion (CSHI) has been reported in patients with PAI, demonstrating a more physiological cortisol circadian rhythm, a normalisation of morning ACTH and restoration of nocturnal serum cortisol levels, along with a better QoL profile compared to conventional HC doses [1, 49] . However, the use of CSHI is an expensive and invasive technique, but it may be an option in particular patients with difficulty in swallowing or with allergies to currently used GCs [38] .
It is relevant to especially emphasise the use of replacement in patients with ICIs as their therapeutic indications are continuously increasing. As mentioned above, hypophysitis related to ICI's early affects ACTH secretion, and this needs to be promptly recognised and treated to avoid an AC. Besides hypopituitarism, pituitary inflammation may cause compression of sella and parasellar structures and high-dose GCs treatment may be needed not only as replacement but also as anti-inflammatory therapy, although the rationale for this is not strong and they are rarely necessary. Pituitary surgery may be needed in patients resistant to GCs. There may be permanent hypopituitarism due to the pituitary fibrosis and atrophy that develop following the inflammation [13, 15] .
In a large adult hypopituitary patients' study from KIMS (Pfizer International Metabolic Database) on data in patients with untreated GHD receiving GC replacement, it was shown that in 2737 hypopituitary ACTH-sufficient (987) compared to ACTH-insufficient (1750) patients have a similar QoL [50] . Similarly, after one year of GH replacement, the improvement in QoL did not differ between ACTH-sufficient and -insufficient patients, with no association seen between HC equivalent dose (HCeq) and QoL improvement. GC daily doses and QoL were significantly associated, with patients receiving low GC doses showing a better outcome compared to patients receiving HCeq doses of 25 mg or more, particularly in the context of tiredness, tenseness and social isolation. These data are retrospective and they have to be interpreted with caution, since the results could be due either to supraphysiological GC exposure per se or to the fact that physicians gave increased GC doses in order to address unmet symptoms (such us unexplained fatigue).
Importantly, it is crucial to consider the appropriate patients' education regarding stress-dose and emergency GC administration, with the emergency card/bracelet/necklace regarding AI and an emergency kit containing injectable high-dose GC [7, 8, 34] . When an AC due to SAI is suspected, parenteral injection of 50-100 mg HC should be given immediately, either intramuscularly (IM) or subcutaneously (SC) [7] . Inappropriately high or a lack of emergency increased dosing during GC replacement therapy is the major cause for the increased morbidity and mortality in AI [51] .
Growth Hormone (GH) Deficiency Replacement Treatment
When GHD is suspected, GH stimulation tests are usually essential to confirm the deficiency as compared to single GH measurements. However, biochemical testing may not be required in patients with clear-cut features of GHD and three other documented pituitary hormone deficiencies: in patients with a clear pituitary lesion and a markedly subnormal insulin-like growth factor (IGF)1, a stimulation test may also not be absolutely necessary. GH replacement is then administered to patients with no contraindications at a starting dose of 0.2-0.4 mg/day for patients younger than 60 years and 0.1-0.2 mg/day for patients older than 60 years. GH doses are titrating to maintain IGF-1 levels above the mean/median for that age and sex group, but below the upper limit of normal (ULN), reducing the dose if AEs appear. Elderly adults with age-adjusted low IGF-1 levels and no history of pituitary or hypothalamic disease are not candidates for GH replacement. Starting doses should be increased slowly since fluid retention, a well-documented AE, depends from dose. Females display relative GH resistance, requiring higher starting and maintenance GH doses, similar to women receiving oral oestrogens. Persons with morbid obesity may also require increased GH dosing. The clinical effects of appropriate GH replacement are usually manifest within 6 weeks of initiating therapy, but may require a longer time period for maximum benefit [7] . In 509 adults with GHD (AGHD) (47% females) enrolled in the observational German NordiWin study over the years 2003-2013, it was confirmed that females and younger patients need higher GH doses when compared to males and older patients [52] .
The more recent guidelines date back to 2011 and recommend GH dosing regimens to be individualised rather than previously-used weight-based regimens, starting with low doses and titrated according to clinical response, AEs, and IGF-I levels [9] . GH dosing should also take gender, oestrogen status, and age into consideration. After GH treatment initiation, monitoring is performed at 1-to 2-month intervals and then at 6-month intervals with a clinical evaluation and assessment for AEs, IGF-I levels, and clinico-metabolic parameters of GH response.
GH replacement AEs at the recommended doses (fluid retention, arthralgias, myalgias, paresthesias, carpal tunnel syndrome, sleep apnoea, sleep disturbances, dyspnoea) are reported in approximately 20% of patients but remit on lowering the GH dose. However, high doses of replacement may result to insulin resistance and/or new-onset diabetes [53] . Other suggested complication includes the development of new primary cancers but long-term studies did not confirm an increased prevalence or recurrence of the primary tumour after GH replacement therapy, and the occurrence of new tumours, if it occurs, appears to be very rare [53] [54] [55] .
Another issue of concern is the compliance rate in GH replacement therapy, more a problem in the paediatric and adolescent population [56] ; an increased compliance was seen when patients used a specific electronic device, the easypod™ Clinical Kit, with automated-injection and a docking station for recording objectively the administration data [57] . In this latter study, adherence to treatment was seen in 53 of 79 prepubertal patients with GHD [57] . In order to increase compliance, new compounds for GH replacement treatment are under investigation aiming to increase intra-injection intervals thus resulting in increased convenience and improved compliance, particularly in the context of the paediatric population [58] . Somapacitan, a reversible albumin-binding GH derivative, was compared in once-weekly regimen with once-daily Norditropin in a 26-week randomised, controlled, phase 3, safety and tolerability trial in AGHD patients [59] . The mean IGF-I standard deviation score (SDS) was similar for both formulations, whereas mild or moderate and transient AEs were seen for both drugs but somapacitan was associated with better treatment satisfaction. A C-terminal peptide-modified human GH (MOD-4023) given in a once-weekly scheme in GHD, adults and children, confirmed both efficacy and safety in a phase 2 study [60] . In a multicentre, phase 2, open-label, randomised, controlled study, safety, tolerability, efficacy, pharmacokinetics and pharmacodynamics of three different once-weekly doses of MOD-4023were compared to once-daily recombinant human GH (r-hGH) in prepubertal children with GHD for 12 months of treatment, revealing the better efficacy of 0.66 mg/kg/week dose along with a good tolerability and safety [61] . In a randomised, open-label, active-controlled study of 3 doses of once-weekly TransCon GH, a long-acting sustained-release r-hGH prodrug, compared to once-daily Genotropin; both drugs were comparable in the context of safety and efficacy [62] . Finally, in a phase 2 and 3, open-label, multicentre, randomised studies with a long-acting PEGylated r-hGH (0.2 mg/kg/week), when compared to once-daily rhGH (0.25 mg/kg/week) for 25 weeks in children with GHD, the former was shown to be effective and safe for GHD treatment [63] (Table 3) . Table 3 . New compounds in long-acting forms in of growth hormone replacement treatment [64] . Finally, initiation of GH therapy may alter requirements for GC and thyroxine replacement: this is discussed in more detail below.
Novel GH Long-Releasing Drug Characteristics of the Formulations

Central Hypogonadism in Males
In males, SHG may be confirmed by measuring serum testosterone, FSH, LH, and prolactin (PRL) after an overnight fast and before 10:00 in the absence of any acute or subacute illness. The replacement then targets fat mass, bone, libido, sexual function, energy levels, sense of well-being, muscle mass and strength. Testosterone replacement is similar to male patients with primary hypogonadism (PHG) and is suggested for adult males with clear biochemical deficiency when they do not have any contraindications in order to prevent testosterone deficiency signs and symptoms [7] . Other situations to avoid testosterone replacement therapy include men seeking fertility, the presence of a hormone-related cancer (breast or prostate cancer), or suspicion of prostate cancer and/or lower urinary tract symptoms, high levels of prostate specific antigen (PSA) (> 4 ng/mL or > 3 ng/mL in men with increased risk), uncontrolled obstructive sleep apnoea or heart failure, or recent (within the last 6 months) myocardial infarction or stroke, elevated haematocrit or thrombophilia [10] . The testosterone level-target is the mid-normal range with any of the approved formulation, considering patient preference, pharmacokinetics, pharmacodynamics, AEs, cost and availability. An important tool for a good testosterone replacement treatment is to evaluate symptoms, AEs, and compliance. Serum testosterone, haematocrit concentrations and prostate cancer risk evaluation are used to check patients with SHT during the first year after initiating testosterone therapy [10] . According the current guideline, a cost-benefit discussion has to be addressed to hypogonadal men 55-to 69-year-old with a life expectancy > 10 years, particularly in the context of prostate cancer risk with assessment before starting testosterone treatment and 3 to 12 months post-therapy. Similarly, younger hypogonadal patients 40-to 69-year-old but at increased risk of prostate cancer should follow a similar assessment. Patients more than 65 years can receive testosterone replacement therapy in an individualised manner after discussion of the risks and benefits [65] .
The most common formulation used worldwide is given IM as depot injection of testosterone ester, testosterone enantate or cypionate with a starting dose 150-200 mg every 2 weeks or 75-100 mg/week, with testosterone enantate usually given 250 mg IM every 3 weeks. Its disadvantage is that large peaks and troughs of serum testosterone result in fluctuations in symptoms such as mood, libido and energy levels, but treatment is inexpensive, can be self-administrated with a flexibility of dosing, and is generally well tolerated. During follow-up monitoring, testosterone levels are measured midway between injections with mid-interval testosterone > 600 ng/dL (24.5 nmol/L) or < 350 ng/dL (14.1 nmol/L) the dose and the frequency need to be accordingly adjusted [10] with some further adjustment according the trough values just before the next injection. A depot long-acting testosterone injection given IM has become available in a formulation of testosterone undecanoate (Nebido), 1000 mg IM, given initially then at 6 weeks, and thereafter every 3 months [1, 65] , maintaining testosterone levels in normal range with minor fluctuations. Its disadvantage is that it has to be injected in a large volume of 4 mL IM, and coughing episodes have been reported after injection in a small proportion of patients [10] . During follow-up monitoring, the testosterone level-target at the end of the dosing interval just prior to the next injection is in the low-normal/subnormal range. The oral formulation of testosterone undecanoate is administered as 80 or 120 mg two or three times daily with fatty meals; it is metabolised to dihydrotestosterone in the intestine, being absorbed via the lymphatic system. It is well tolerated and it is most useful in patients with partial HGT or with intolerance to depot injections. However, it presents variability in its pharmacokinetic profile and consequently in its clinical outcomes, and it affects liver metabolism and lipid profiles. Testosterone levels are monitored at 3-5 h after ingestion with a fat-containing meal, but it is rare to obtain testosterone levels within the normal range, and there is uncertainty as to its effect on bone metabolism. Transdermal gel formulations have been commonly used since they provide flexibility of dosing, ease of application, good skin tolerability and possibly less erythrocytosis than injectable testosterone. Their disadvantages are referred to potential of transfer to other persons (females or children) by direct skin-to-skin contact, and skin irritation in a small proportion of treated men. Testosterone and dihydrotestosterone concentrations are moderately increased: the current formulations are of 1%, 1.62%, or 2% with doses 50-100 mg, 20.25-81 mg, and 40-70 mg applied to skin daily. In this case, the testosterone level is evaluated 2-8 h following the application, and with a treatment duration of at least 1 week. Buccal testosterone is formulated in bioadhesive tablets and they are placed on the buccal mucosa above the incisor tooth, allowing a slow release of testosterone over 12 h, but disadvantageous gum-related AEs have been reported. Testosterone levels are assessed immediately before or after application of a fresh system. Testosterone pellets containing 600-1200 mg testosterone are implanted SC, applied usually from 3 to 6 months (depending on the formulation). Despite its infrequent administration it requires surgical incision for insertion and a local haematoma or infection may occur, and rarely pellets may extrude spontaneously. During follow-up the testosterone level is measured at the end of the dosing interval with the dosing interval accordingly adjusted. Several other formulations such as testosterone axillary solution or nasal testosterone gel are being developed, targeting ease in application and discretion [1] .
In patients wishing to become fertile, after discontinuation of testosterone replacement treatment, spermatogenesis can be initiated and maintained by gonadotropin therapy [human chorionic gonadotropin (hCG), human menopausal gonadotropin (hMG) or purified or recombinant FSH. When the abnormality emerges from the hypothalamic level, an additional option includes the stimulation by pulsatile gonadotropin-releasing hormone (GnRH). Both schemes have to be administered on average for 7-10 months, but fertility has been maintained to last up to 46 months in particular cases until pregnancy is achieved [66] .
The marker for adequate replacement in the context of under-or overtreatment are serum testosterone levels that should be remain into mid-normal range adjusting according to the symptoms and biochemical markers. There is no evidence that the prostate carcinoma in patients on testosterone replacement is greater than background population risk [1] . Referral to an urologist is recommended if the patient has prostatic symptoms or elevated serum PSA increasing >1.4 ng/mL over 12 months. It is also important to monitor the hematocrit and in case of polycythaemia detection, treatment has to be discontinued till the haematocrit becomes normal, whereas phlebotomy may be needed to prevent cardiovascular events [1] ; careful dose titration may prevent this complication.
In one recent cohort of a large series of 40 patients with combined pituitary hormone deficiency, pulsatile GnRH therapy restored pituitary-testis axis function in approximately 60% of them, implying that pulsatile GnRH therapy may be equal or superior to combined gonadotropin therapy, at least in some patients, since more physiologic levels of gonadotropins are produced. However, intact gonadotroph cells are necessary for this action. Induction of spermatogenesis and virilisation has been described in treated patients [67] . Testosterone levels increase in some, but not in all, cases, indicating the need of a treatment lasting more than 3 months in specific cases [68, 69] . A useful predictor index for the response to treatment was suggested from this later study, since all patients with LH levels > 3.0 IU/L after 1 month of treatment were responders [68] .
Central Hypogonadism in Females
In females, SHG is confirmed by measurement of oestradiol (E2), FSH, and LH, assessment in the presence of oligomenorrhoea or amenorrhoea after excluding pregnancy and other causes of menstrual abnormality (such as hyperandrogenaemia, hyperprolactinaemia, thyroid disorders), particularly when no other pituitary hormone deficiency has been documented. One should also consider hypothalamic amenorrhoea due to weight loss, excessive exercise or stress. In post-menopausal women, the absence of an elevated serum FSH and LH (inappropriately-low) is sufficient for a diagnosis of gonadotroph dysfunction. In pre-menopausal women with SHG, hormonal replacement therapy (HRT) as oral oestrogen (unopposed oestrogens only for women who have undergone hysterectomy), or combined oestrogen and progestogen therapy (women with an intact uterus to prevent endometrial hyperplasia) is recommended, assuming that no contraindications (particularly related to breast carcinoma or thrombosis) are present [7] . The goals of treatment differ according to age: in older women the indication is the control of hot flushes and not to prevent the harm that the oestrogen deficiency carries as in the case of young women. Specifically, oestrogen is administrated daily with co-administration of progesterone for 12-14 consecutive days during a 4-week cycle; menses occur cyclically after progesterone withdrawal. A continuous regimen in which oestrogen and progesterone are combined may be associated by unpredictable menstrual bleeding the first months of therapy [1] . HRT is very effective in alleviating vasomotor symptoms of hypoestrogenism (hot flushes and night sweats), improving vaginal atrophy, urinary frequency and dysuria. Treatment with oestrogens until the age of 45 years or longer may reduce the risk of cardiovascular disease and mortality, along with bone mineral density impairment [1, 7] . The combined oestrogen-progestin contraceptive pill seems to more acceptable by the younger females. The available oestrogen formulations have variable potency, AEs, cost, tolerability (oral, transdermal, topical gels and lotions, intravaginal creams and tablets, vaginal rings). The disadvantage of oral oestrogen is the extensive hepatic first-pass metabolism necessitating average doses of 1-2 mg E2, or equivalent, daily. Transdermal preparations are usually applied twice-weekly and provide 50-100 µg of E2 daily in a cyclical combination with a progestogen. Its disadvantage is possible skin irritation, as opposed to its advantage being the treatment of choice in patients with complex pituitary disease, since it avoids the effects of oral oestrogen on other hormone binding proteins and mimic better the physiological release of oestrogen to the systemic circulation as is seen with normal intact ovarian secretion [7, 70] . Furthermore, in women on concomitant GH replacement, IGF-I generation is greater when transdermal rather than oral oestrogen is used, thereby decreasing the dose of GH required. Subcutaneous implants inserted on a 6-month basis may show tachyphylaxis and are difficult to reverse [11] . The choice of the oestrogen (and progestin) preparation relies on the risk of AEs, cost, and patient convenience [7] .
Recently, it was documented in 184 consecutive women with GH replacement therapy that the oestrogen replacement treatment rate in women ≤ 52 years was lower compared to the replacement rates of the other pituitary hormone deficiencies (74% versus 100%); androgen replacement treatment was even lower in these women [71] .
In patients with combined deficiencies such as gonadotrophin and ACTH deficiency, poor libido may be a problem due to androgen deficiency despite oestrogen and progesterone replacement [1] . Women with hypopituitarism with concomitant AI have a more severe androgen deficiency than those with PAI. The recent guidelines recommended against the routine use of dehydro-epiandrosterone (DHEA) and testosterone in women with hypopituitarism [12] . However, a recent systematic review and meta-analysis demonstrated the short-term efficacy in sexual function improvement, and safety, of transdermal testosterone in naturally and surgically-menopausal women affected by hypoactive sexual desire disorder with or without co-administration of HRT [72] . DHEA is an androgen synthesised by the adrenal cortex and is regulated also by ACTH [1] . The treatment dose of DHEA used in most studies is between 25 and 50 mg once daily. The first randomised controlled trial of DHEA in 24 female patients with PAI or SAI showed that DHEA 50 mg daily for 4 months led to an improvement in sexual function, decreased depression scores and improved well-being when compared with placebo [73] . DHEA supplementation in hypopituitarism has shown benefit in terms of well-being and sexual function [74] . However, further studies with DHEA replacement in patients with AI, did not show similarly positive results in terms of sexual function and QoL [75] . In patients on GH replacement therapy, DHEA augments the IGF-I response thus resulting in decreased GH doses in females [76] . Clinical assessment of well-being, skin and axillary and pubic hair, as well as plasma DHEA sulfate (DHEAS) trough levels and plasma testosterone, can be measured to monitor DHEA dose [51, 77] . Morning serum DHEAS levels should be measured before the intake of the daily dose, aiming at the mid-normal range [25] . Currently, DHEA is considered as a food supplement. The AEs of DHEA replacement include greasy skin, acne, hirsutism, alopecia, itching scalp/skin and increased sweat odour when the dose is too high, occurring not infrequently in elderly women but are generally responsive to dose reduction [51] . DHEA replacement could be tried in patients with persistent and seriously impaired QoL and reduced libido despite optimised conventional GC and mineralcorticoid replacement. However, when no positive subjective effects are experienced by the patients within 3 months, the therapy may be discontinued [51] .
FSH and LH or their equivalent (recombinant forms) are administered by injections and are necessary for fertility. Reduced fertility outcomes in the context of ovulation per cycle or achievement of live-birth have been reported in some [78] , but not in all studies [79] .
Thyroid-Stimulating Hormone (TSH) Deficiency Replacement Treatment
The recent guidelines suggest measuring serum free T4 (fT4) and TSH to evaluate SHT. A fT4 level below the laboratory reference range in conjunction with a low, normal, or mildly elevated TSH (inappropriately low-TSH) in the setting of pituitary disease usually confirms a diagnosis of SHT.
In general, levothyroxine (L-T4) replacement in SHT is similar to that in primary hypothyroidism [70] , but serum TSH cannot be used to assess adequacy of replacement. L-T4 has a long half-life, allowing once-daily dosing but difficulties in its absorption suggest administration fasting, whereas absorption is also inhibited by proton pump inhibitors. Novel forms, soft gel or liquid preparations allow its administration without food restriction. The goal of treatment is to keep fT4 levels in the mid-to-upper half of the reference range. This target is mostly achieved in average by L-T4 doses 1.6 µg/kg/d [80, 81] , with dose adjustments affected by age, weight, co-morbidities and physical activity, since TSH is not available as a marker of L-T4 replacement. Triiodothyronine (L-T3) displays better gastrointestinal absorption, and it can be used for short periods of time for dose initiation, but it is not generally used for long-term replacement [7, 80] . Other formulations of thyroid hormones, such as thyroid extracts, are not recommended [7] .
Prolactin (PRL) Deficiency
PRL deficiency is defined by its levels the below the normal reference range [70] . Since the major role of PRL is limited to lactation post-delivery, it was only investigated in one study subcutaneous injection of recombinant human PRL (60 µg/kg) in a twice-daily administration every 12 h in mothers with PRL deficiency. At the end of the 28-day study, PRL increased significantly, and milk volume increased from 3.4 ± 1.6 to 66.1 ± 8.3 mL/d with changes in milk composition similar to normal lactogenesis [82, 83] .
Central Diabetes Insipidus (CDI)
Central DI (CDI) is due to the partial or complete absence of posterior pituitary hormone AVP, also known as ADH, resulting in uncontrolled diuresis which can be life-threatening if not recognised. The diagnosis of DI is made by assessment of serum and urine osmolarity in the presence of polyuria (>50 mL/kg body weight (BW)/24 h corresponding to 3.5 L/day in a 70-kg person). When serum osmolarity is elevated (>295 mOsmol/L), urine osmolarity should be at least 600 mOsmol/L (urine osmolarity-to-plasma osmolarity ratio ≥2), after exclusion of glycosuria. Recently, the diagnostic performance of the test measuring copeptin, the C-terminal segment of the AVP prohormone which can be precisely measured as opposed to AVP per se, osmotically stimulated either by water deprivation or by hypertonic saline infusion, was proven to be superior to the classic indirect water-deprivation test in distinguishing CDI from primary polydipsia in patients with hypotonic polyuria [84] . Further studies are awaited. 1-desamino-8-D-arginine-vasopressin (desmopressin or DDAVP), is the synthetic analogue of AVP and its use results in effective antidiuresis after intranasal or oral administration in patients with CDI with individualized therapeutic schemes. A therapeutic trial of DDAVP, 10-20 µg intranasally may control polyuria for up to 16 h. Complete AVP deficiency can lead to polyuria exceeding 10 L/24 h. When the thirst mechanism is working well and there is free access to water, patients can maintain water balance by increased drinking. A suggested and safe approach is represented by mild undertreatment, since water homeostasis can still be maintained by thirst mechanisms. Patients with partial DI who can tolerate polyuria may choose no treatment. It has been stated that 25% of DI patients with an intact thirst mechanism treated with DDAVP had mild hyponatraemia due to the inability to reverse the antidiuretic effect of the drug when fluid intake exceeds requirements [7, 85] . A once-weekly phase of polyuria may further decrease this risk. If DI is accompanied by a reduced thirst threshold, resulting in adipsic hypernatraemia, it is most important to monitor BW and urine output on a fixed dose of DDAVP and adjust fluid intake as appropriate. In the outpatient setting in patients with an intact thirst mechanism, clinicians should administer the lowest dose of DDAVP dose that results in minimal disruption of sleep at night with and minimal disruption of activities at daytime. In cases of mild DI, many patients will demonstrate adequate control with a single bedtime dose of intranasal DDAVP but an additional morning dose may be required.
For follow-up monitoring, sodium, urea, creatinine, uric acid, hypokalemia and the presence or the absence of polyuria, all need to be assessed. In cases of adipsic DI, DDAVP and fluid intake have to be carefully titrated, with frequent weighing and serum sodium level monitoring. Following pituitary surgery, attempts to discontinue DDAVP should be attempted to determine whether posterior pituitary function has recovered. Some suggest that all patients with DI should wear a bracelet to protect them in case of emergency [7] .
DI represents a life-threatening entity when the thirst mechanism is impaired, as in cases of hypothalamic disorder or reduced consciousness or lack of water availability such as in cases of physical disability resulting in severe dehydration and death. For this reason, a Society for Endocrinology guideline has been recently issued for the in-patient management of patients with CDI [7, 86] .
Treatment AEs includes hyponatraemia due to overdosing. This complication is more problematic in the elderly who may have increased renal sensitivity to the drug and/or may have abnormalities in osmoregulation. The thirst mechanism may be altered by damaged hypothalamic osmoreceptors, resulting in a high risk of both hypernatraemia and hyponatraemia since patients cannot adjust fluid intake according to thirst. As noted above, a fixed dose of DDAVP and a constant amount of fluid intake together with consistent environmental temperature and humidity conditions are suggested to result in 'water-balance'.
Considerations Regarding Combinations of Hormone Replacement Therapies
In cases of simultaneous AI and thyroid dysfunction, GC replacement should be started first to avoid precipitating acute AI [13] . When there is no time to wait for a diagnosis, empiric GC therapy may be given along with starting L-T4 therapy taking blood for a later measurement of cortisol until there is a definitive laboratory confirmation of cortisol reserve. Thyroid hormone accelerates endogenous cortisol clearance, and patients with low adrenal reserve may be rendered hypoadrenal precipitating an AC. Moreover, physiological and pharmacological doses of GC suppress TSH levels. In addition, cortisol sufficiency has to be tested before and after GH replacement initiation. Patients with GHD demonstrate an increased cortisol/cortisone metabolite ratio, whereas since GH suppresses the conversion of cortisone to cortisol patients starting GH replacement therapy may need increased doses of GC replacement therapy [7] . In patients on GH replacement therapy, DHEA augments the IGF-I response thus resulting in decreased GH doses in females [76] . When not already treated, AI may become apparent because of reduced adrenal reserves. Moreover, in women taking HRT, oestrogen-increased CBG results in increased total serum cortisol levels, but not the unbound active fraction. This can be avoided by using transdermal oestrogen therapy. Similarly, an adjustment in L-T4 therapy and an increase in GC doses may be needed in women starting HRT or an increase in GC doses may be needed in both females and males starting HRT. Oestrogen-dependent liver production of thyroid-binding globulin (TBG) result in increased requirements for L-T4 dose requirements from 1.3 to 1.8 µg/kg/d [7] .
In addition, thyroid replacement treatment should be checked and possibly increased in patients before GH replacement therapy, since patients with a borderline SHT may necessitate immediate treatment or within 3-6 months of GH replacement therapy initiation. In one study, only men with SHT required increased L-T4 doses after starting GH therapy [87] . Conversely, abnormal GH and IGF-1 secretion occur in hypothyroidism. Finally, AI may mask the presence of partial DI and monitoring for the development of DI is needed after the initiation of GC replacement; similarly, when DI improves without any intervention AI has to be excluded: since deficits in GC causes reduced free renal water clearance, a borderline polyuria caused by DI may be masked [7] (Table 4) . Table 4 . Treatment in combined hormonal deficiencies and doses adjustments [7] . 
Considerations Concerning Specific Populations with Hypopituitarism
Pregnancy
Woman with AI usually do not need to alter GC doses during the first two trimesters of pregnancy. An increase by 20-40% in the dosing of HC maybe needed during the third trimester since free cortisol normally increases during this period [7, 51, 88] . Lower doses of HC might be needed in women with hypopituitarism who have a borderline cortisol reserve.
It is very important to closely follow-up pregnant women with AI in order to document clinical symptoms and signs of GC over-and under-replacement by measuring weight gain, postural hypotension or hypertension, hyperglycaemia and fatigue. Only HC should be used in pregnancy since it is degraded by the enzyme 11β-HSD1, and does not cross the placenta, as opposed to dexamethasone which has to be avoided since it is not inactivated in the placenta. During the active phase of labour, doses should be adjusted to that used in major surgical stress by administering 50 mg HC intravenously (IV) in the second stage of labour. For Caesarean section, a dose of 50-100 mg every 6-8 h is recommended.
Thyroid replacement should be monitored every 4-6 weeks since increased L-T4 doses may be required to maintain serum fT4 or total T4 levels within target ranges [7] . Current recommendations include increasing L-T4 doses by doubling the dose at weekends on confirmation of pregnancy with further dose adjustments to achieve target levels. Since many fT4 assays do not perform well during pregnancy, it is suggested to use total T4 reference ranges adjusted upward by 50% if pregnancy-specific fT4 reference ranges are not available. Clinicians should reduce L-T4 doses back to pre-pregnancy levels immediately after delivery to avoid iatrogenic hyperthyroidism [7] .
In pregnant women with DI, it is suggested to continue DDAVP administration during pregnancy, adjusting the dose if required, since the different water-balance which is established by a decreased threshold for AVP release and thirst mechanism results in decreased serum sodium and osmolality [89] . Moreover, the enzyme vasopressinase, which degrades endogenous AVP, is increased as it is produced by the placenta. However, pregnancy may unmask mild forms of DI, often recurring with subsequent pregnancies. Usually, the requirement for DDAVP does not change but it sometimes might be slightly higher [90] . DDAVP is generally considered safe during pregnancy and for the newborn in lactating mothers [7, 89] . GH replacement is discontinued during pregnancy because there is no evidence as yet for its safety, whereas the placenta produces GH [7] .
Pituitary Apoplexy
Classical pituitary apoplexy (PitAp) may be a life-threatening situation and rapid replacement with HC may be life-saving. PitAp can be caused either by haemorrhage and/or by infarction of a tumour within the pituitary gland followed by a clinical syndrome which includes the sudden onset of a headache along with vomiting, visual disturbances and neurological symptoms including reduced consciousness or impairment of cranial nerves. A high index of clinical suspicion is essential since prompt management is not only life-but additionally sight-saving [6] . When PitAp is confirmed, it ideally should be referred to a multidisciplinary team (MDT) comprising both neurosurgical and endocrinological expertise since decision management may often be difficult [81] , and in many cases it is not clear whether the best approach should be the conservative or surgical one. A wait-and-see approach may be appropriate, but in patients with severe and persistent deteriorating visual disturbances in the context of neuro-ophthalmic signs, visual acuity and field or with altered level of consciousness, may be switched to a surgical approach. Similarly, in the presence of a new visual or worsening neurological signs or symptoms, surgery should be urgently considered [91] .
Follow-up management also has to include tumour monitoring to early identify tumour recurrence, hormonal evaluation to early identify pituitary insufficiency, and neurological examination to document any remaining neurological deficit [91] .
In the acute setting, the care of patients with PitAp should include careful assessment of fluid and electrolyte balance, replacement of GCs and supportive measures for haemodynamic equilibrium [91] . Acute SAI is seen in approximately two-thirds of patients with PitAp and is the major source of mortality associated with the condition. Patients with PitAp may have nausea and vomiting, so oral GCs are not recommended in the acute setting. Hydrocortisone 100-200 mg as bolus administration given IV after taking blood for a later measurement of hormones, including cortisol, fT4, TSH, PRL, IGF1, GH, LH, FSH, testosterone and E2 (in men and women, respectively) and electrolytes, renal function, liver function, full blood count and a clotting screen. The next step includes a continuous infusion IV every 2-4 mg/h or 50-100 mg injection IM every 6 h. Intermittent IV administration is not recommended since much of the administered GC will be filtered into the urine. After recovery from the acute emergency, the HC dose should be quickly tapered to the maintenance dose. Cortisol sufficiency should be re-evaluated 2-3 months post-PitAp episode. As part of conservative, non-surgical management, dexamethasone can be used to reduce oedema [91] . Patients who do not fulfill the criteria for urgent empirical GCs therapy should be considered for treatment with oral GCs if their 09.00 h serum cortisol is <450 nmol/L [91] , but the precise threshold will depend on the assay in use and the degree of illness. Ideally, any surgical approach should take place within the first week of onset of symptoms, or in case with resistance to GC therapy after 1 week of treatment [91] [92] [93] [94] . Retrospective studies did not find differences in the endocrine outcome between the surgical and conservative approaches [22, 93, 95] . All patients with PitAp should have ophthalmological and hormonal evaluation in the immediate post-operative or post-acute period and at 4-8 weeks and following the episode, and annually thereafter [91] . Approximately 80% of the patients will need hormone replacement therapy after PitAp [22, 92, 96] . GHD represents the most common endocrine deficit, while GCs are replaced in 60-80%, thyroid hormone in 50-60%, DDAVP in 10-25% of patients and testosterone in 60-80% of men [24, 93, 95, 96] . Significantly, in a series of 45 patients, 20% in the surgically-treated and 11% in the conservatively managed had normal pituitary function at follow-up [92] .
Adrenal Crisis
When AI is presents acutely, it may be a life-threatening medical emergency. AC is presented particularly in the context of conditions with increased needs such as serious infection, acute stress, surgery, trauma, bilateral adrenal infarction, or haemorrhage. Retrospective and prospective analysis revealed a prevalence of 6.6-8.3 AC/100 patient-years, with mortality 0.5/100 patient-years, mainly due to gastrointestinal and other infectious diseases [25] .
The recently issued guidance from the Society for Endocrinology recommends on suspicion of hypoadrenalism drawing a serum sample for cortisol, immediately followed by the administration of bolus injection of 100 mg HC IV or IM followed by continuous infusion IV of 200mg HC/24 h (or 50 mg HC injection IV or IM every 6 h), followed by rehydration with the rapid infusion IV of 1000 mL of isotonic saline infusion within the first hour, and finally, followed by further rehydration IV as required, usually 4-6 L in 24 h along with monitoring for fluid overload in case of renal impairment and in elderly patients [97] . Hypoglycaemia when present should be also treated by a slow dextrose infusion IV [25] .
The prevention of AC is of major importance. The 'sick-day rules' represents the most important part of patient education. During minor illness or minor surgery, it is suggested a dose increase up to 2-3 times the normal daily dose for 2-3 days. During major illness or major surgery, it is suggested to be covered with HC 50-100 mg 6-hourly parenterally, then tapering down to a double normal oral dose daily for a couple of days, contingent upon full consciousness and eating and drinking normally. Regarding uncomplicated, outpatient dental procedures under local anaesthesia and most radiologic studies, no additional dosage is suggested. In the event of a severe stress or trauma, use of a prefilled syringe for injection is recommended. In the event of moderately stressful procedures (barium enema, endoscopy, or arteriography) an IV administration of 100 mg HC is recommended just before the procedure [25] .
Pituitary Metastases
The increase in the lifespan of cancer patients has resulted in an increased prevalence of metastases to otherwise rare sites. Pituitary metastases have been described in a range 3-27% in autopsy series in the context of disseminated malignancy [98] , occurring mostly in patients with breast (37.2%) and lung (24.2%) cancer [18, 99, 100] . Panhypopituitarism (27.7%) and DI (27.7-70%) were between the most common clinical presentation following visual abnormalities [18, 100] . When DI presents rapidly in patients over 50 years of age, pituitary metastases has to be considered in the differential diagnosis even in the absence of an obvious primary [101] , noting that symptoms may be masked by ACTH deficiency and become more evident after GC replacement therapy [102] . PitAp may also occur with a pituitary metastasis or a metastasis may be located in a pituitary adenoma [96] . Regarding the management of hypopituitarism due to a pituitary metastasis, deficient hormone replacement treatment should be given together with surgery, radiosurgery, radiation therapy and chemotherapy, as appropriate [19, 101] .
Future Perspectives of Hypopituitarism Managements
As mentioned previously, the task of replacement therapies in hypopituitarism is to minimise the symptoms and the signs of each hormone deficiency with safety, namely, minimising AEs and maximising QoL. In order to achieve and mimic the physiological secretion of the deficient hormones it is important to achieve the appropriate dose but also the appropriate timing of hormones replacement. The importance of the timing and profile of hormonal secretion has been recently documented in patients with AI treated with the once-daily MRHC who showed a similar profile in clock gene expression compared with the patients treated by the standard multiple daily-doses GC replacement therapy that exhibited dysregulation in clock gene expression [103] Future studies optimising replacement with maximal patient convenience are to be anticipated.
Conclusions
The management of pituitary insufficiency focuses on two important issues. The first refers to the immediate clinical suspicion particularly in situations of ACTH and TSH-insufficiency, since their lack that may be life-threatening. The second important issue refers to the magnitude of replacement, to the ease of replacement, and finally to the ability to mimic the physiological rhythm of secretion, where necessary. Nowadays, research focuses on the improvement of GC delivery to better match the physiological circadian clock of cortisol secretion, and on the development of long-lasting formulations of GH in order to substitute the daily injections with weekly injections. The establishments of MDTs to treat these patients along with the guidelines that have been issued in the context of hormonal deficiencies should enable the uniform management of hypopituitarism, making possible the comparison of variable therapies and their outcomes in order to improve the available treatment options.
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